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1,2,3*, Lea Gröbli2, Till Berk1, Kai Oliver Jensen1,

Christian Hierholzer1,2, Heike A. Bischoff-Ferrari4,5,6, Roman Pfeifer1,2,3, Hans-

Christoph Pape1,2,3

1 Department of Trauma, University Hospital Zurich, Zurich, Switzerland, 2 University Zurich, Zurich,

Switzerland, 3 Harald Tscherne Research Laboratory, University Hospital Zurich, Zurich, Switzerland,

4 Department of Geriatric Medicine, University Hospital Zurich, Zurich, Switzerland, 5 Centre on Aging and

Mobility, University of Zurich, Zurich, Switzerland, 6 Waid City Hospital Zurich, Zurich, Switzerland

* Sascha.Halvachizadeh@usz.ch

Abstract

Introduction

Improvements in life expectancy imply that an increase of geriatric trauma patients occurs.

These patients require special attention due to their multiple comorbidity issues. The aim of

this study was to assess the impact of the implementation of geriatric comanagement (GC)

on the allocation and clinical outcome of geriatric trauma patients.

Methods

This observational cohort study aims to compare the demographic development and the

clinical outcome in geriatric trauma patients (aged 70 years and older) before and after

implementation of a certified geriatric trauma center (GC). Geriatric trauma patients admit-

ted between January 1, 2010 and December 31, 2010 were stratified to group pre-GC and

admissions between January 1, 2018 and December 31, 2018 to Group post-GC. We

excluded patients requiring end-of-life treatment and those who died within 24 h or due to

severe traumatic brain injury. Outcome parameters included demographic changes, medi-

cal complexity (measured by American Society of Anaesthesiology Score (ASA) and Charl-

son Comorbidity Index (CCI)), in-hospital mortality and length of hospitalization.

Results

This study includes 626 patients in Group pre-GC (mean age 80.3 ± 6.7 years) and 841

patients in Group post-GC (mean age 81.1 ± 7.3 years). Group pre-GC included 244

(39.0%) males, group post-GC included 361 (42.9%) males. The mean CCI was 4.7 (± 1.8)

points in pre-GC and 5.1 (± 2.0) points in post-GC (p <0.001). In Group pre-GC, 100 patients
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(16.0%) were stratified as ASA 1 compared with 47 patients (5.6%) in Group post-GC

(p <0.001). Group pre-GC had significantly less patients stratified as ASA 3 or higher (n =

235, 37.5%) compared with Group post-GC (n = 389, 46.3%, p <0.001). Length of stay

(LOS) decreased significantly from 10.4 (± 20.3) days in Group pre-GC to 7.9 (±22.9) days

in Group post-GC (p = 0.011). The 30-day mortality rate was comparable amongst these

groups (pre-GC 8.8% vs. post-GC 8.9%).

Conclusion

This study appears to support the implementation of a geriatric trauma center, as certain

improvements in the patient care were found: Despite a higher CCI and a higher number of

patients with higher ASA classifications, Hospital LOS, complication rates and mortality did

were not increased after implementation of the CG. The increase in the case numbers sup-

ports the fact that a higher degree of specialization leads to a response by admitting physi-

cians, as it exceeded the expectable trend of demographic ageing. We feel that a larger

data base, hopefully in a multi center set up should be undertaken to verify these results.

Introduction

Worldwide, the proportion of adults over the age of 65 years is increasing. In Western socie-

ties, more than 25% of trauma admissions are 65 years and older [1], possibly based on a more

active lifestyle with an increased risk of injury [2]. In the United States, this increase was calcu-

lated to rise to 23.4% by 2060 (compared with 15.2% in 2016) [3], while in Europe, there is an

expected to increase of up to 47.5% by 2060 (compared with 2018) [4].

Geriatric trauma patients are expected to present with more comorbidities and higher mor-

tality and morbidity rates [5–7]. Elderly patients present with worse injuries, require longer

hospitalisation and make greater use of resources after discharge [8–10]. Concomitant medica-

tion have been shown to act as an independent risk factor for the severity of injury [11]. Addi-

tionally, elderly have a greater risk of in-hospital complications [12] and their mortality rate is

threefold higher when compared with younger patients [13, 14].

Along with these changes in demographics, Geriatric Trauma Centres have been developed

[15–17] and certified for ortho-geriatric comanagement (GC). Most central European certifi-

cation systems propose that patients above the age of 70 years are seen by a geriatrician within

24 hours after hospital admission [18]. According to previous studies, the development of

Geriatric Trauma Centres showed beneficial effects on outcome after hip fractures [19]. More-

over, this was also shown for perioperative care by multidisciplinary teams [20]. The focused

care appears to improve outcomes even in patients requiring intensive care [20, 21].

Our group has also described, that CG may be useful due to standardization, as achieved by

standard operating protocols [18], mobility protocols, and development of special protocols

for those with comorbidities and multiple injury scenarios [11, 22, 23].

The aim of this study was to assess the impact of GC on geriatric trauma patients. We

hypothesised that patient numbers and the medical complexity of geriatric trauma patients

would increase. Further, we hypothesised that the implementation of GC would improve out-

comes in geriatric trauma patients.
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Methods

Study design, ethical consideration, and setting

This study was designed as an observational cohort study and adheres to the STROBE State-

ment [24]. The local Institutional Review Board and the Ethical Commission “Kantonale

Ethikkommission Zurich” approved the study protocol for this study (KEK #2019–01957).

The setting is a level 1 trauma center and bases on an analysis of electronic patients medical

records (EMR). These data were extracted automatically by the in-hospital IT-service. Missing

and incomplete data and were assessed manually by reviewing the entire patient chart.

Trauma admission criteria and pre-hospital transported criteria

Trauma admission criteria for our academic Level 1 trauma centre were developed in 2002.

They include medical problems, social difficulties and other, non-specified reasons. Medical

problems include injuries that either requires surgical treatment or professional medical obser-

vation (e.g., mild traumatic brain injuries). Social difficulties include the situation of patients

that do not allow outpatient treatment, based on various reasons. The most common reason

for trauma admission based on social criteria in the geriatric patient is the lack of support at

home. Other reasons for trauma admission include, e.g., regionalisation of patients that live

near our hospital and have been treated in other countries.

Development and implementation of a geriatric comanagement (GC)

The GC was implemented over a period of 2 years, i.e. between 2013 and 2015. This included

posting a new academic position for a Professor of Geriatrics, recruiting of specialized nursing

staff, rebuilding a clinical ward to allow for in house rehabilitation, implementation of SOP‘s,

and common ward round strategies [25–27].

Study population and study size

Geriatric trauma patients, who were hospitalized prior and after the implementation of GC

were eligible for this study. In order to avoid a “transition-effect” (including preparatory

adjustments, coordination, and fine-tuning after implementation) we included geriatric

trauma patients who were treated between January 1st 2010 and December 31st 2010 (stratified

to Group pre-GC) or between January 1st 2018 and December 31st 2018 (stratified to Group

post-GC). The age-limit for geriatric patients was set at 70 years and above, as foreseen by the

criteria for certification as a geriatric trauma center. Patients were followed up until discharge.

Patients who died within 24 hours after severe traumatic brain injury, patients with signed

“Do Not Resuscitate” (DNR) forms, and patients who deceased from other conditions (e.g. late

stage cancer) were excluded from this study.

The study size bases on maximum available data of patients meeting the inclusion criteria.

A-priori sample size calculation was not performed.

Age limit for geriatric assessment

GC based on current recommendations from official certified Geriatric Trauma Centres and

includes the collaboration of trauma surgeons with geriatricians for patients aged 70 years and

older [28].
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Variables and data sources

Geriatricians are involved in the initial assessment, appropriate adoption of medication and

intensive physical therapy. The comparison of admission and discharge notes revealed new

pathologic results that were diagnosed during hospitalization. In order to increase comparabil-

ity, these diagnoses were grouped according to the ICD-10 classification into cardiovascular

diagnoses, pulmonary diagnoses, gastrointestinal diagnosis, malnutrition and psychiatric diag-

noses. These diagnoses were independent of the trauma-related diagnosis. We only included

diagnoses that required further medical attention after discharge.

Medical complexity was based on information at admission as documented. Medical com-

plexity was quantified using the CCI [29] ranging from 0 points (98% estimated 10-year sur-

vival) to maximum 37 points (0% estimated 10-year survival) and the pre-operative physical

status was quantified by ASA [30] ranging from 1 (healthy person) to 5 (moribund person).

The in-hospital course of the present study population includes LOS (days of hospitalization at

the department of trauma), and a subgroup analysis for patients that had surgery, and duration

from surgery to discharge (days). These data were extracted automatically from the EMR.

Disposition to discharge compared the living facilities or requirements prior to admission

with those after discharge. “New nursing home” indicated that the patients did not live in a

nursing home prior to admission but required a nursing home after discharge.

Disposition after discharge included the following:

• Return to home,

• Return to the same guided residence (e.g. same nursing home, or retirement home),

• Discharge to rehabilitation unit, new nursing home or

• Transfer to retirement home.

All data were collected based on information by the discharge letter and the EMR. The dis-

charge process in all patients is similar; as soon as the patient is admitted to the hospital, a spe-

cialised team plans the discharge. This planning includes estimations of time of discharge,

planning the stay after discharge (i.e., rehabilitation centre, nursing home, back to home), and

the appropriate application and registrations at both the facilities and the insurance.

These variables were post-hoc further stratified following the main region of injury. These

include head injuries, truncal injuries (thoracic and abdominal) and extremity (including pel-

vic injuries).

Bias

The inclusion of patients four years prior and after the implementation of GC aimed to

increase comparability of routine clinical treatment. In order to avoid selection bias, we aimed

to include all geriatric patients that were submitted to conventional treatment and therefore

excluded patients with signed DNR or had end of life management. In order to minimize

information bias we screened the data for missing and incomplete data and completed them

manually by screening the EMR of each patient.

Statistical methods and quantitative variables

The Shapiro–Wilk test was performed to test for normal distribution. Quantitative variables

were summarised as means and standard deviation (±SD) and categorical variables as numbers

and percentages. Group comparison on normal distributed quantitative variables was per-

formed using Student’s t-test and Pearson’s chi-squared test for categorical variables. Fisher’s
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exact test was used in the analysis of contingency tables for categorical variables to examine the

association between two kinds of treatment strategies (GC vs. non-GC). Missing data were

completed by manually screening the EMR. Comparison measures include a 95% confidence

interval (CI). Statistically significant difference was assumed at an alpha value of<0.05

(p<0.05). All statistical analyses were performed using R (R Core Team, 2018): R is a language

and environment for statistical computing (R Foundation for Statistical Computing, Vienna,

Austria; URL https://www.R-project.org/).

Results

Participants and descriptive data

Out of total 6286 eligible patients, this study included 1467 geriatric trauma patients (58.8%

females, 41.2% males) with a mean age of 80.7 ± 7.0 years, as depicted in Fig 1. Trauma admis-

sions increased by 34.3% when comparing pre-GC (n = 626, 42.7%) with post-GC (n = 841,

57.3%). The mean age for the post-GC group (81.1 ± 7.3 years) was significantly higher com-

pared with the pre-GC group (80.3 ± 6.7 years) (95% CI = 0.13–1.56, p = 0.0206). Descriptive

data of study population summarised in Table 1. Most patients suffered from injuries to the

head (pre-GC 33.1% versus post-GC 41.3%), followed by injuries to the hip or the femur (8.9%

vs. 12.0%), elbow or forearm (7.7% vs 5.2%), abdomen, pelvis, or lumbar spine (5.4% vs. 8.9%),

shoulder or humerus (5.1% vs 6.7%), and thorax (6.7% vs. 4.0%).

Fig 1. Flow chart of included patients.

https://doi.org/10.1371/journal.pone.0244554.g001
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In-hospital course

The number of surgeries was comparable in both groups (pre-GC 1.3 ± 0.7 vs. post-GC

1.2 ± 0.8) but the proportion of patients with no surgery was significantly higher in pre-GC

(41.5%) when compared with post-GC (67.4%, p = 0.002) (Table 1). The LOS decreased signifi-

cantly post-GC (7.9 ± 14.5 days) when compared pre-GC (10.4 ± 20.3 days) (95% CI = 0.59–

4.42, p = 0.0102). Times from admission to first surgery and from last surgery to discharge

were comparable in both groups (Table 2).

New diagnoses and mortality

During hospitalisation, in pre-GC group experienced 1886 new pathological conditions were

diagnosed (mean of 3 new diagnoses per patient). In the post-GC group, 7934 new pathologi-

cal conditions were diagnosed (mean of 9.4 new diagnoses per patient) (Table 3). The rate of

diagnosed malnutrition increased to 1.4%. Electrolyte imbalance was diagnosed more fre-

quently in the post-GC group (1.0% vs. 0.3%, p = 0.004).

Table 1. Descriptive characteristics of the study population.

pre-GC post-GC p-value
n 626 841

Age [years], mean (SD) 80.3 (6.7) 81.1 (7.3) 0.021#

Gender [male], n (%) 244 (39.0) 361 (42.9) n.s+

BMI [kg/m2], mean (SD) 24.8 (3.9) 24.9 (4.6) n.s.#

Number of surgeries, mean (SD) 1.3 (0.7) 1.2 (0.8) n.s.#

Non-surgical treatment, n (%) 366 (41.5%) 567 (67.4%) 0.002+

Injury Severity Score, mean (SD) 5.7 (5.3) 6.5 (5.0) n.s.#

GC = geriatric comanagement

n = number

SD = standard deviation

BMI = body mass index

n.s. = not significant
# = Students t-test
+ = Pearson chi-square test, Fisher exact test

https://doi.org/10.1371/journal.pone.0244554.t001

Table 2. In hospital course before and after development of a GC.

pre-GC post-GC p-value
n 626 841

LOS [day], mean (SD) 10.4 (20.3) 7.9 (14.5) 0.011#

Days from admission to surgery, mean (SD) 3.7 (5.9) 3.9 (6.5) n.s.#

Days from first surgery to discharge, mean (SD) 8.8 (10.4) 7.9 (22.9) n.s.#

Duration surgery [minutes], mean (SD) 89.7 (76.3) 100.3 (78.6) n.s.#

GC = geriatric comanagement

n = number

SD = standard deviation

LOS = length of stay

n.s. = not significant
# = Student’s t-test

https://doi.org/10.1371/journal.pone.0244554.t002
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Medical complexity

On admission, the post-GC group had a significantly higher admission CCI (5.1 ± 2.0 points

vs. 4.7 ± 1.8 points, 95% CI = 0.17–0.57, p< 0.001) and a significantly higher age-adjusted

admission CCI (1.2 ± 1.7 points vs. 1.6 ± 1.9 points, p< 0.001). Patients in the post-GC group

were significantly less often classified as ASA 1 or 2 (53.7%) compared with the pre-GC group

(62.3.0%, p< 0.001) but were significantly more often classified as ASA 3 or higher (46.2%)

compared with the pre-GC group (37.5%, p< 0.001). Despite the increased medical complex-

ity in Group post-GC, the mortality rate remained comparable (8.3% post-GC vs. 8.8% pre-

GC). (Table 4).

Patient requirements and further care after discharge

The total disposition in a nursing home was significantly higher in Group post-GC (3.9% vs.

1.7%, p< 0.001.). After discharge, less patients required a rehabilitation clinic in the post-GC

group compared with the pre-GC group (8.2% vs. 12.0%, p< 0.001). Significantly more

patients in the post-GC returned home after discharge (33.1% vs. 24.9%, p< 0.001) (Table 5).

Table 3. New findings and diagnoses after hospital admission.

pre-GC post-GC p-value
n 1886 7934

Cardiovascular, n (%) 203 (10.7) 930 (11.7) n.s.+

Pulmonary, n (%) 19 (1.0) 97 (1.2) n.s.+

Gastrointestinal, n (%) 24 (1.3) 116 (1.5) n.s.+

Malnutrition, n (%) 0 (0.0) 115 (1.4) NA

Psychiatric, n (%) 42 (2.2) 217 (2.7) n.s.+

GC = geriatric comanagement

n = number

n.s. = not significant
+ = Pearson chi-square test, Fisher exact test

https://doi.org/10.1371/journal.pone.0244554.t003

Table 4. Admission medical complexity (CCI and ASA score) and 30 day mortality rate.

pre-GC post-GC p-value
n 626 841

CCI [points], mean (SD) 4.7 (1.8) 5.1 (2.0) <0.001#

CCI adjusted for age [points], mean (SD) 1.2 (1.7) 1.6 (1.9) <0.001#

ASA, n (%)

1 and 2 391 (62.5) 452 (53.7) <0.001+

3 and higher 235 (37.5) 389 (46.2) <0.001 +

30 day mortality, n(%) 55 (8.8) 70 (8.3) n.s.#

GC = geriatric comanagement

n = number

SD = standard deviation

CCI = Charlson comorbidity index

ASA = American Society of Anesthesiologists
# = Students t-test
+ = Pearson chi-square test, Fisher exact test

https://doi.org/10.1371/journal.pone.0244554.t004
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Outcome comparison according injury distribution

The sub-group analysis according to injury distribution revealed an increase in the number of

patients, independent from injury distribution, and a decrease of LOS in geriatric patients

with head injury (8.7 ± 3.9 days in Group pre-GC vs. 5.2 ± 4.9 days in Group post-GC,

p = 0.041). Further, the mean CCI and the mean age-adjusted CCI were significantly higher in

Group post-GC compared with Group pre-GC independent from injury distribution. More

patient returned home after discharge in Group post-GC compared with Group pre-GC, inde-

pendent of injury distribution (p< 0.05). The implementation of GC led to a decrease of the

requirement of rehabilitation units after discharge in patients with extremity injuries (pre-GC

19.1% vs. post-GC 9.4%, p = 0.034) (Table 6).

Table 5. Disposition of patients after discharge.

pre-GC post-GC p-value
n 626 841

Returned home, n (%) 156 (24.9%) 278 (33.1%) <0.001 +

Returned to same residence as before hospitalization, n (%) 375 (59.9) 414 (49.0) 0.032+

Rehabilitation unit, n (%) 75 (12.0%) 69 (8.2%) <0.001+

Nursing home��, n (%) 11 (1.8%) 33 (3.9%) <0.001 +

Retirement home��, n (%) 9 (1.4%) 47 (5.6%) <0.001 +

GC = geriatric comanagement

n = number

�� = Discharge to different residence as before hospitalization indicating the necessity of more intensive medical care
+ = Pearson chi-square test, Fisher exact test

https://doi.org/10.1371/journal.pone.0244554.t005

Table 6. Comparison of clinical course and location after discharge stratified according to anatomic injury.

Head Trunk Extremity

pre-GC post-GC p-value pre-GC post-GC p-value pre-GC post-GC p-value
207 347 76 109 136 201

Age [years], mean (SD) 80.7 (6.9) 82.2 (7.2) 0.014 80.5 (6.7) 84.7 (4.5) 0.02 80.9 (6.2) 85.5 (7.6) 0.046

LOS [day], mean (SD) 8.7 (3.9) 5.2 (4.9) 0.041 11.2 (10.5) 8.02 (6.0) 0.043 9.9 (12.3) 9.7 (6.5) n.s.

Days from admission to definitive surgery, mean (SD) 2.2 (1.8) 3.2 (2.2) n.s. 4.6 (4.5) 5.7 (10.7) n.s. 1.5 (2.6) 1.8 (4.2) n.s.

Days from first surgery to discharge, mean (SD) 8.1 (3.4) 9.5 (8.6) n.s. 9.0 (6.8) 5.2 (8.7) 0.038 11.0 (3.8) 8.4 (6.5) n.s.

CCI [points], mean (SD) 4.5 (1.5) 4.9 (1.7) 0.004 4.9 (2.1) 5.7 (2.3) 0.0467 4.6 (1.7) 5.2 (2.2) 0.01

CCI adjusted for age [points], mean (SD) 0.9 (1.4) 1.3 (1.5) 0.009 1.4 (1.9) 2.1 (1.1) 0.035 0.9 (1.6) 1.7 (2.1) 0.001

Nursing home�, n (%) 32 (15.5) 42 (12.1) n.s. 14 (18.4) 8 (7.3) 0.036 4 (2.9) 16 (7.9) 0.036

Retirement home�, n (%) 47 (22.7) 63 (18.2) 0.043 18 (23.7) 29 (26.6) n.s. 8 (5.9) 7 (3.5) n.s.

Rehabilitation unit, n (%) 12 (5.8) 18 (5.2) n.s. 15 (19.7) 15 (13.8) n.s. 26 (19.1) 19 (9.4) 0.034

Returned home, n (%) 93 (44.9) 191 (55.0) 0.023 23 (30.3) 49 (44.9) 0.0436 76 (55.9) 129 (64.2) 0.017

Mortality, n (%) 23 (11.1) 33 (9.5) n.s. 6 (7.9) 8 (7.3) n.s. 8 (5.9) 7 (3.4) n.s.

GC = geriatric comanagement

n = number

SD = standard deviation

LOS = length of stay

CCI = Charlson comorbidity index

n.s. = not significant

https://doi.org/10.1371/journal.pone.0244554.t006
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Discussion

Geriatric trauma patients represent a challenge for orthopedic-trauma surgeons, as they may

have multiple comorbidities, issues that can lead to complications (diabetes induced wound

complications) and other alterations of the physiological response to trauma (osteoporosis

induced cut out of implants) [31]. The interdisciplinary collaboration between trauma sur-

geons and geriatricians is thought to reduce the risk of complications. The aim of this study

was to investigate the impact of demographic changes and the implementation of GC on geri-

atric trauma patient. Our results were as follows:

1. The number of geriatric trauma admissions increased by 34.3%, exceeding the demo-

graphic development (28.5%).

2. The mean number of non-trauma-related new diagnosis was three times higher per patient

in the post-GC group.

3. Despite increased medical complexity, LOS decreased and the mortality rate remained

comparable, with more patients able to return back home after discharge.

4. The implementation of GC increased the rate of patients returning back home while

decreasing the requirement of rehabilitation units after discharge

Regarding our first result, our observed increase of geriatric trauma admission (by 34.3%

within 8 years) was comparable with Lowe et al. [32] (+ 35% over the age of 65 years in a

9-year comparison).

Our increase of geriatric trauma patients is higher than found in the demographic changes

of the population. The proportion of patients over the age of 65 years has increased by 28.5%

from 2010 to 2018 according to the data from the federal bureau of statistics of Switzerland

[33] and life expectancy of the general population increases, (4.4 years by 2040) [34]. Further-

more, injuries are estimated to be among the top ten leading causes of years of life lost by 2040

[34]. The results of this present study concur with these developments.

Regarding our second finding, the increase number of new diagnoses per geriatric trauma

patient might be explained by a raising incidence of comorbidities. It is evident that ageing

represent one main risk factor for the development of diseases [35], Yet, new and improved

diagnostic tools improve diagnoses of pathological finding [36]. Both, aging and improved

diagnostic tools (including laboratory tests, screening tools, and clinical scoring systems [22,

37]) might be responsible for the increase number of pathological conditions in our study

population.

Regarding our third finding, advantages of interdisciplinary collaboration have been shown

in several studies [38, 39]. The development of GC has led to improved healthcare and quality

of life of the ortho-geriatric trauma patient [15, 40, 41]. Similar to our results, it has been

shown that the implementation of multidisciplinary care improves clinical outcome of elderly

patients after hip fracture [19, 42]. Despite some literature indicating no advantages of ortho-

geriatric interventions [43], the majority of published studies support GC by showing

improved outcomes [40, 42, 44]. The advantages of interdisciplinary comanagement is mir-

rored by the comparable mortality despite increased medical complexity.

The advantages of the implementation of GC is also shown by an increase of patients that

are able to return to their home. The decrease of LOS might have been helpful in preventing

complications, thus enabling more patients to return home safely [45]. Improved diagnostic

tools and higher specialized treatment strategies may play a role as well [15].
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Limitations

We are aware of certain limitations of this study. First, the present study was conducted at a

level one trauma center, which may induce a selection bias. Also, local specifics of rescue con-

ditions have to be reflected. Second, we did not perform a sample size calculation prior the

analysis. However, we included the maximum number of patients based on inclusion criteria

and completeness of data in order to minimize a type II error. Third, the increase of geriatric

trauma admission (aged 70 years and over) was compared with the increase of general elderly

population (aged 65 years and over) based on publicly available data. One might argue that

these groups are not comparable, the discrepancy of population-based increase of elderly and

raise of geriatric trauma admission might be underestimated, thus supporting our conclusion.

The increasing number of patients requiring a nursing home represents a specific socioeco-

nomic challenge for society. For the individual patient, trauma may have a significant impact

[46] because the return to their normal living environment may be challenging or impossible,

during the process of safe discharge to a skilled nursing facility rather than home [47]. The

increased demand in specialised nursing homes for geriatric patients with increasing incidence

in medical comorbidities and chronic medical conditions is confronted by the limited capacity

of nursing facilities [48, 49] and will cause an economic challenge for the society.

Conclusion

Our data appear to support the value of developing a GC for the following reasons. Despite

increasing medical complexity the LOS decreased, mortality rate remained unchanged and

more patients returned to home after in house treatment. In future studies, a multi center

approach and a standardized geriatric trauma registry may be helpful in supporting our

findings.
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Writing – review & editing: Lea Gröbli, Till Berk, Kai Oliver Jensen, Christian Hierholzer,

Heike A. Bischoff-Ferrari, Roman Pfeifer, Hans-Christoph Pape.

References
1. Bonne S, Schuerer DJE. Trauma in the Older Adult Epidemiology and Evolving Geriatric Trauma Princi-

ples. Clin Geriatr Med. 2013; 29(1):137-+. https://doi.org/10.1016/j.cger.2012.10.008 PMID: 23177604

2. Pandya SR, Yelon JA, Sullivan TS, Risucci DA. Geriatric Motor Vehicle Collision Survival: The Role of

Institutional Trauma Volume. J Trauma-Injury Infect Crit Care. 2011; 70(6):1326–30. https://doi.org/10.

1097/TA.0b013e31820e327c PMID: 21427616

3. Bureau USC. An Aging Nation: Projected Number of Children and Older Adults. 2019.

4. Eurostat. Aging Europe—2019 edition. In: union SOotE, editor. Elderly population (65 years and over):

Development: Eurostat; 2019.

5. Mulvey HE, Haslam RD, Laytin AD, Diamond CA, Sims CA. Unplanned ICU Admission Is Associated

With Worse Clinical Outcomes in Geriatric Trauma Patients. Journal of Surgical Research. 2020;

245:13–21. https://doi.org/10.1016/j.jss.2019.06.059 PMID: 31394403

6. Ahmed N, Greenberg P. Early risk stratification of in hospital mortality following a ground level fall in

geriatric patients with normal physiological parameters. The American journal of emergency medicine.

2019. https://doi.org/10.1016/j.ajem.2019.12.031 PMID: 31870673

7. Calvo RY, Sise CB, Sise MJ, Bansal V. Quantifying the burden of pre-existing conditions in older trauma

patients: A novel metric based on mortality risk. Am J Emerg Med. 2019; 37(10):1836–45. https://doi.

org/10.1016/j.ajem.2018.12.043 PMID: 30638628

8. Bhattacharya B, Maung A, Schuster K, Davis KA. The older they are the harder they fall: Injury patterns

and outcomes by age after ground level falls. Injury. 2016; 47(9):1955–9. Epub 2016/06/15. https://doi.

org/10.1016/j.injury.2016.06.019 PMID: 27346422.

9. Fairfax LM, Hsee L, Civil I. An ageing trauma population: The Auckland experience. N Z Med J. 2015;

128(1414):36–43. PMID: 26117389

10. Hammer PM, Storey AC, Bell T, Bayt D, Hockaday MS, Zarzaur BL, et al. Improving geriatric trauma

outcomes: A small step toward a big problem. J Trauma Acute Care Surg. 2016; 81(1):162–7. https://

doi.org/10.1097/TA.0000000000001063 PMID: 27032005.

11. Eibinger N, Halvachizadeh S, Hallmann B, Seibert FJ, Puchwein P, Berk T, et al. Is the Regular Intake

of Anticoagulative Agents an Independent Risk Factor for the Severity of Traumatic Brain Injuries in

Geriatric Patients? A Retrospective Analysis of 10,559 Patients from the TraumaRegister DGU®. 2020;

10(11):842. https://doi.org/10.3390/brainsci10110842 PMID: 33198115

12. Garwe T, Stewart K, Stoner J, Newgard CD, Scott M, Zhang Y, et al. Out-of-hospital and Inter-hospital

Under-triage to Designated Tertiary Trauma Centers among Injured Older Adults: A 10-year Statewide

Geospatial-Adjusted Analysis. Prehosp Emerg Care. 2017; 21(6):734–43. Epub 2017/06/29. https://

doi.org/10.1080/10903127.2017.1332123 PMID: 28661712.

13. Keller JM, Sciadini MF, Sinclair E, O’Toole RV. Geriatric Trauma: Demographics, Injuries, and Mor-

tality. Journal of Orthopaedic Trauma. 2012; 26(9):E161–E5. https://doi.org/10.1097/BOT.

0b013e3182324460 PMID: 22377505

14. Jacobs DG. Special considerations in geriatric injury. Curr Opin Crit Care. 2003; 9(6):535–9. https://doi.

org/10.1097/00075198-200312000-00012 PMID: 14639075

15. Frohlich M, Caspers M, Lefering R, Driessen A, Bouillon B, Maegele M, et al. Do elderly trauma patients

receive the required treatment? Epidemiology and outcome of geriatric trauma patients treated at differ-

ent levels of trauma care. European journal of trauma and emergency surgery: official publication of the

European Trauma Society. 2019. https://doi.org/10.1007/s00068-019-01285-0 PMID: 31844920

16. Kammerlander C, Roth T, Friedman SM, Suhm N, Luger TJ, Kammerlander-Knauer U, et al. Ortho-geri-

atric service-a literature review comparing different models. Osteoporosis International. 2010; 21:

S637–S46. https://doi.org/10.1007/s00198-010-1396-x PMID: 21058004

17. Pape HC, Friess T, Liener U, Ruchholtz S, Schmucker U, Sturm JA, et al. Development of geriatric

trauma centers—An effort by the German Society for Trauma and Orthopaedics. Injury-Int J Care Inj.

2014; 45(10):1513–5. https://doi.org/10.1016/j.injury.2014.08.006

18. Peterer L, Ossendorf C, Jensen KO, Osterhoff G, Mica L, Seifert B, et al. Implementation of new stan-

dard operating procedures for geriatric trauma patients with multiple injuries: a single level I trauma cen-

tre study. 2019; 19(1):359. https://doi.org/10.1186/s12877-019-1380-z PMID: 31856739

PLOS ONE Geriatric trauma comanagement

PLOS ONE | https://doi.org/10.1371/journal.pone.0244554 January 11, 2021 11 / 13

https://doi.org/10.1016/j.cger.2012.10.008
http://www.ncbi.nlm.nih.gov/pubmed/23177604
https://doi.org/10.1097/TA.0b013e31820e327c
https://doi.org/10.1097/TA.0b013e31820e327c
http://www.ncbi.nlm.nih.gov/pubmed/21427616
https://doi.org/10.1016/j.jss.2019.06.059
http://www.ncbi.nlm.nih.gov/pubmed/31394403
https://doi.org/10.1016/j.ajem.2019.12.031
http://www.ncbi.nlm.nih.gov/pubmed/31870673
https://doi.org/10.1016/j.ajem.2018.12.043
https://doi.org/10.1016/j.ajem.2018.12.043
http://www.ncbi.nlm.nih.gov/pubmed/30638628
https://doi.org/10.1016/j.injury.2016.06.019
https://doi.org/10.1016/j.injury.2016.06.019
http://www.ncbi.nlm.nih.gov/pubmed/27346422
http://www.ncbi.nlm.nih.gov/pubmed/26117389
https://doi.org/10.1097/TA.0000000000001063
https://doi.org/10.1097/TA.0000000000001063
http://www.ncbi.nlm.nih.gov/pubmed/27032005
https://doi.org/10.3390/brainsci10110842
http://www.ncbi.nlm.nih.gov/pubmed/33198115
https://doi.org/10.1080/10903127.2017.1332123
https://doi.org/10.1080/10903127.2017.1332123
http://www.ncbi.nlm.nih.gov/pubmed/28661712
https://doi.org/10.1097/BOT.0b013e3182324460
https://doi.org/10.1097/BOT.0b013e3182324460
http://www.ncbi.nlm.nih.gov/pubmed/22377505
https://doi.org/10.1097/00075198-200312000-00012
https://doi.org/10.1097/00075198-200312000-00012
http://www.ncbi.nlm.nih.gov/pubmed/14639075
https://doi.org/10.1007/s00068-019-01285-0
http://www.ncbi.nlm.nih.gov/pubmed/31844920
https://doi.org/10.1007/s00198-010-1396-x
http://www.ncbi.nlm.nih.gov/pubmed/21058004
https://doi.org/10.1016/j.injury.2014.08.006
https://doi.org/10.1186/s12877-019-1380-z
http://www.ncbi.nlm.nih.gov/pubmed/31856739
https://doi.org/10.1371/journal.pone.0244554


19. Wallace R, Angus LDG, Munnangi S, Shukry S, DiGiacomo JC, Ruotolo C. Improved outcomes follow-

ing implementation of a multidisciplinary care pathway for elderly hip fractures. Aging Clin Exp Res.

2019; 31(2):273–8. Epub 2018/04/25. https://doi.org/10.1007/s40520-018-0952-7 PMID: 29687304

20. DiGiacomo JC, Angus LDG, Cardozo-Stolberg S, Wallace R, Gerber N, Munnangi S, et al. Betwixt and

between: a surgical post-acute treatment unit (SPA) for the optimal care of elderly patients with isolated

hip fractures. Aging Clin Exp Res. 2019; 31(12):1743–53. Epub 2019/04/11. https://doi.org/10.1007/

s40520-019-01119-4 PMID: 30968288.

21. Singh S, DiGiacomo JC, Angus LDG, Cardozo-Stolberg S, Gerber N, Munnangi S. Does a Surgical

Post-Acute Unit Help Elders With Rib Fractures? Definitely Maybe! J Trauma Nurs. 2020; 27(2):71–6.

Epub 2020/03/07. https://doi.org/10.1097/JTN.0000000000000489 PMID: 32132484.

22. Halvachizadeh S, Baradaran L, Cinelli P, Pfeifer R, Sprengel K, Pape H-CJPo. How to detect a poly-

trauma patient at risk of complications: A validation and database analysis of four published scales.

2020; 15(1):e0228082. https://doi.org/10.1371/journal.pone.0228082 PMID: 31978109

23. Osterhoff G, Noser J, Held U, Werner CML, Pape H-C, Dietrich M. Early Operative Versus Nonopera-

tive Treatment of Fragility Fractures of the Pelvis: A Propensity-Matched Multicenter Study. Journal of

Orthopaedic Trauma. 2019; 33(11):E410–E5. https://doi.org/10.1097/BOT.0000000000001584 PMID:

31633644

24. Gallo V, Egger M, McCormack V, Farmer PB, Ioannidis JP, Kirsch-Volders M, et al. STrengthening the

Reporting of OBservational studies in Epidemiology—Molecular Epidemiology (STROBE-ME): an

extension of the STROBE Statement. PLoS Med. 2011; 8(10):e1001117. Epub 2011/11/01. https://doi.

org/10.1371/journal.pmed.1001117 PMID: 22039356.

25. Knobe M, Bottcher B, Coburn M, Friess T, Bollheimer LC, Heppner HJ, et al. Geriatric Trauma Center

DGU (R): Evaluation of clinical and economic parameters. A pilot study in a german university hospital.

Unfallchirurg. 2019; 122(2):134–46. PMID: 29675629

26. Knobe M, Pape HC. Focus on co-management in geriatric fracture care. Eur J Trauma Emerg Surg.

2016; 42(5):533–5. Epub 2016/08/24. https://doi.org/10.1007/s00068-016-0695-0 PMID: 27557998

27. Knobe M, Pape HC. Co-management in geriatric hip fractures. Eur J Trauma Emerg Surg. 2016;

42(6):795–6. Epub 2016/09/30. https://doi.org/10.1007/s00068-016-0728-8 PMID: 27695886.

28. University Hospital Zurich DoTaG. Ortho-geriatric co-management. http://www.traumatologie.usz.ch/

fachwissen/Alterstraumatologie/Seiten/default.aspxaccessed 2020.

29. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. J Clin Epi-

demiol. 1994; 47(11):1245–51. Epub 1994/11/01. https://doi.org/10.1016/0895-4356(94)90129-5

PMID: 7722560.
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